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Casing (15) is installed in a well in a folded collapsed condition by uncoiling 
h from a reel (87). Two strings of tubing (27, 29) extend continuously through the 
collapsed casing. One of the strings of tubing (27) is connected to a cement shoe (19) 
it^endofttecuing.An^ 

(19) tnd includes a piston (33). The other string of tubing (29) extends to a pressure 
chamber (35) thai is between the piston (33) and the cement shoe (19). After the 
casmg (15) is lowered with a running tool to the desired depth, cement is pumped 
down the first string of tubing (27). which flows back up the annulus surrounding 
the casing. A liquid is then pumped down the second itring of tubing (29) into -~ 
the pressure chamber (35). causing the piston (33) to push the conical forming head 
upward (38, 39) relative to the casing (15) and the strings of tubing (27. 29* Hie 
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METHOD FOR CASING A WELLBORE 

Technical Field 

This invention relates in general to installing well casing in oil and gas 
wells and in particular to a method involving fabricating and collapsing casing, running 
5 the collapsed casing into the well and opening the casing into a cylindrical 
configuration. 

Packgrpund An 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repeated with another smaller 
15 diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and running casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full length casing installed. 

35 Coil tubing units permit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is uncoiled from the reel. Coil tubing is 
used to circulate fluids into welts for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coil tubing is smaller in diameter than 

40 typical casing, which have usually a minimum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
diameter or larger. 

Disclosure of Inve ntion 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubing 
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inserted during the manufacturing process. Alternatively circular pipe sections about 
forty feet long are welded together and strings of tubing are threaded inside The 
casing is then coHapsed with the tubing located therein and wound on a small reel due 
to its small height by comparison to its nominal diameter. The upper and lower end 
portions of the casings are generally formed in a somewhat cylindrical configuration 
An opening tool is located in the lower end cylindrical portion. The opening fool has a 
piston and a conical forming head located above the piston. A pressure chamber is 
created below the piston in the lower end portion of the casing 

The casing is deployed from the reel and folded in a horseshoe shape prior to 
entering the well. When the casing has reached the proper depth, a fluid is pumped 

r^n ^ 8 m, ° prCSSUrC Chamber ,0 °P CT ,hc casin 8 m ° • cylindrical shape 
The fluid pressure acts against the piston to push the opening tool upward This 
causes the head of the opening tool to form the casing from the collapsed/folded 
configuration into a cylindrical configuration. The forming tool and the tubing are 
15 then pulled from the casing. 

Preferably, two strings of tubing are installed in the casing while it is banc 
manufactured. One of the strings of tubing serves to pump a cement slurry down 
through a cement shoe located at the lower end of the casing. The cement flows back 
up the annulus surrounding the casing to cement the casing in place. Then fluid is 
2 o pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
is used to expand the upper end cylindrical portion of the casing into a metal to metal 
sealing engagement with the lower end of the previously cased section of the well In 
the preferred embodiment, this involves releasing the running tool from the upper end 
of the casmg after the collapsed portion of the casing has been expanded, then 
lowering the forging tool located above the running tool into the casing. Fluid is then 
pumped down to radially forge the upper end of the casing into engagement with the 
lower end of the previous one. 

The opening tool includes a forming head with a conical body with flutes 
Balls roll along the flutes in roDing engagement with the casing wall as it is being open 
to a cylindrical configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower ball passage, an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle. 
Alternatively, the forming head comprises a conical body with thin dual conical 
35 segments to increase the forming head diameter 

Brief Description n f Drawings 

Figures IA-1D comprise a vertical sectional view of an assembly for casing a 
well, including a collapsed string of casing being installed in a well along with a 
40 running tool and an opening tool. 

Figure 2 is a cross sectional view of a portion of the running tool of the 
assembly of Figures 1A-1D, taken along the line 2-2 of Figure IB. 

Figure 3A is a sectional view of another portion of the running tool of the 
assembly of Figures 1 A-1D, taken along the line 3-3 of Figure IB. 
45 Figure 3B is another sectional view of the running tool taken along the tine 3-3 

of Figure IB, but showing the running tool shifted to a released position. 
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Figure 4 is a sectional view of an intermediate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure 1 C, taken along the line of 5-5 of Figure 1 C. 
5 Figure 6 is another sectional view of a portion of the opening tool of Fieure 

IC, taken along the line 6-6 of Figure 1C. 

Figure 7 is a sectional view of the cement shoe of Figure ID, taken alonu the 
line 7-7 of Figure ID. ° 

Figures SA and SB comprise a sectional view of a portion of the assembly of 
io Figure 1, shown after cementin S and during the opening of the intermediate portion of 
the casing. 

Figure 9 is a sectional view of the assembly of Figure 8A, taken along the line 
9-9 of Figure 8A. 

Figure 10 is a sectional view of the assembly of Figure 8A, taken along the line 
15 10-10 of Figure 8A. 

Figure 1 1 is a sectional view of the assembly of Figure 8B, taken along the line 
11-11 of Figure 8B. 

Figure 12 is a sectional view of the forging packers of the assembly of Figure 
I A, shown lowered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forging packers of Figure 12 taken 
along the line 13-13 of Figure 12. 

Figure 14 is a sectional view of the well of Figures 1 A-1D, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 1 5 is a schematic sectional view illustrating a step in manuracturing the 
collapsible casing of Figures 1A-1D. 

Figure 16 is another schematic sectional view of the casing of Figure 1A-ID, 
showing the addition of an outer layer in the case of a multiple layer casing 
30 Figure 17 is another schematic sectional view of the casing of Figure 16, 

showing the welding of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the casing 
of Figures 1A-1D with a dual layer configuration. 

Figure 19 is a schematic view illustrating the collapsed casing of Figures 1A- 
35 ID being uncoiled from a reel, folded in a horse shoe shape and lowered into a well. 

Figure 20 is a flattened sectional view of the casing of Figure 19, shown along 
the line 20-20 of Figure 1 9. 

Figure 21 is a folded sectional view of the casing of Figure 19, shown alone 
the line 21-21 of Figure 19. 
0 Figure 22 is a schematic view illustrating valves for controlling the flow of 

fluids to the installation apparatus of Figures 1 A-1D. 

Figure 23 and 24 arc isometric views illustrating an alternative design for the 
opening tool including expander segments. 

5 Best Mode for Carrying O ut the Invention 

Referring to Figures 1 A- ID, the well illustrated has a cased section 1 1 which 
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has idready been cemented in place and an open hole section 13 which extends bdow 
cased section 11 to the target depth. A continuous string of casing 15 according to 
the invention is shown in place in the well with a lower end portion 15a at the lower 
end of the well open hole section 13 Casing 1 5 has an intermediate portion 15b thai 
extends from the lower end portion upward, typically several thousand feet to an 
upper end portion 15c. Upper end portion 15c overlaps the lower portion of cased 
section 11. Casing lower and upper end portions 15a, J5c each are somewhat 
cylindrical with axialiy extending corrugations 17 as shown in Figure 5 Corrugations 
17 are straight axialiy extending channels on both the inner and outer diameters of 
casing, providing inward protruding valleys 17a alternating with outward protruding 
peaks 17b. Intermediate portion 15b, shown in Figure 4, is collapsed and folded 
having a bight 18 that curves inward and touches the opposite side, which is generally 
arcuate when lowered into the wdibore. 

Referring to Figure ID, acement shoe 19 is located at the lower end of casing 
lower end portion 15a. Cement shoe 19 provides a end cap for casing 15 and is made 
of dnllable material with a cementing port 20 extending axialiy through it. A metal 
stinger 21 engages sealingly into the upper portion of cementing port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
cementing port 20 which flow back up the annulus space surrounding the casing 15 as 
indicated by the arrows. Stinger 21 has also some flow ports 25 which are isolated 
from conduit 23 and lead to the exterior of stinger 21. 

A cement slurry tubing 27 extends continuously through casing 15, and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly, a fill-up 
tubing 29 extends continuously through casing 15 and has its lower end coupled to 
stinger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are, conventional 
metal coiled tubing strings of about one inch in diameter. 

An opening tool 31 is housed in casing lower end portion 15a, shown in Figure 
1C, above stinger 21. Opening tool 31 includes on its lower end a piston 33. Piston 
33 is an elastomeric cup sliding seal, which has straight axialiy extending grooves on 
its exterior for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing element 33a to seal around tubing strings 27, 29. A pressure 
chamber 35 is located in the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the iruining-in position, as shown in Figure ID, pressure chamber 
35 is at its minimum volume. A cylindrical metal piston head 37 extends upward from 
piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end ponion 1 5a at valleys 1 7a. 

Opening tool 31 has a tapered or conical forming head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align with valleys 17a, as shown in Figure 5. A plurality of balls 43 
roll down flutes 41 of head 39. Balls 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47, and a plurality of upper lateral passages 49. 
Piston head 37 initially is in a lower position within a sleeve 48 of head 39, providing a 
chamber for a number of balls 43 as shown in Figure 1C. When piston head 37 is 
pushed upward, until it will enter in contact with a flange 50 of head 39 as shown in 
Figure 8A, it will push the balls 43 upward through axial passages 45. Balls 43 move 
outward on upper ball passages 49, down flutes 41, and back inward in lower ball 
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passages 47 to axial passages 45 in a continuous cycle as body 39 moves upward in 
casing 15. 

Referring again to Figure 1C, opening tool 31 has a cylindrical top end 51 
which has an outer diameter equal to the minimum inner diameter of casing lower end 
portion 15a, which is measured at valleys 17a. Balls 43 will engage valleys 17a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41. the diameter from one ball 43 to an opposite ball 
43 is substantially equal to the diameter between valleys 17a. When balls 43 are at the 
lower ends of flutes 4 1 , as shown in Figure 8 A, the outer diameter of forming tool 3 1 
measured from one ball 43 to an opposite ball 43 at the lower ends of flute 41 is 
greater than the minimum mner diameter of casing lower end portion 15c 
Consequently, balls 43 push valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

Due to the relative stiffiiess of the casing metal wall, the intermediate portion 
15b is opened from its folded configuration ahead of the opening too! 31 and the 
contact between the inner wall and the opening too! 31 is made only by the balls 43 
rolling on flutes 4 1 of the conical forming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 
20 end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a in the upper inside end of casing upper end portion 15c 
Because of corrugations 17 and grooves 58, threads 57 will be discontinuous and 
2 5 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylindrical exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-slot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During niiming-in of casing 15 J- 
30 pin 61 will be at the upper end of the first leg 63a and maintained in this position by 
the weight of the casing 15 hanging on the running string connected to the inner body 
59. After casing intermediate portion 15b has been opened, the weight of the casing 
15 is supported by the numerous contacts with the inner wall of the borehole. After 
opening has been completed, the operator will lower the running string 72, which 
35 lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the funning string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow in Figure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17b, allowing miming tool 55 to be lowered into casing upper end portion 15c. 
4 o Running tool 55 has a main supply passage 64 connected to the passage in the 

lower part of packer string 69 which extends into inner body 59. A cement slurry 
passage 65 (Fig. 3A) connected to tubing string 27 is located in running tool 55 and 
can be connected to the lower end of main supply passage 64. Similarly, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 
5 supply passage 64.. 

Inner body 59 of running tool 55 is connected to the packer string 69 by 
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threads. The upper part of packer string 69 features a centralizer 70 Two or more 
forging packers 71 are mounted on the packer string 69 between centralizer 70 and 
inner body 59. Forging packers 71, when supplied with high internal pressure from a 
down hole pressure mukiplicator (not shown), will inflate and radially expand to 
plasticafly forge the upper end of casing upper end portion 15c, as shown in Figure 12 
Hydrauhc passages 73, extending through packer string 69, can be connected via 

S 1 L^o JP p C t t0r !° °^ C " d ° f mai " Supply pass * c 64 tool 
inner body 59. Paker stnng 69 is connected at centralizer 70 to a the running strin R 72 

which extends to the surface. Preferably, running string 72 is another string of coiled 
tubing approximately two mches in diameter. Packers 71 have external axial grooves 
74 which will align with valleys 17a of casing upper end portion 15c when packers tT 
are lowered into upper end portion 15c with the centralizer 70 landed on too of the 
casing 1 5c as shown in Figure 12. p 

Referring to Figure 22, in the preferred embodiment, electrically actuated 
vaives 75. 77 and 79 are mounted in running tool inner body 59 (Fig IB) Valve 75 is 
in shiny passage 65 and opens and closes flow to tubing 27. Valve 77 is in opening 
fluid passage 67 for opening and closing flow from main supply passage 64 to tubinR 
29 Valve 79 is in pressure passage 73 for opening and closing pressure fluid from 
mam supply passage 64 to forging packers 71 (Fig 1 A). Electrical valve control wires 
(not shown) extend through coiled running string 72 to the surface to a control panel 
A small accumulator (not shown) supplies hydraulic fluid to valves 73 77 79 to open 
and close them when electrically actuated. Pumps 80 on the surface, 'which could I be 
either cement or mud pumps are used for delivering pressure fluid down main suporv 
passage 64. KF 3 

Referring now to Figure 15, casing 15 is fabricated by drawing a first metal 
stnp 81 from a reel and bending two edges down around two laterally spaced apart 
parallel continuous strings of coil tubing 27, 29. As shown in Figure 16, the edges are 
bent over and welded at seam 82. The upper side is bent into a concave shape 
touching seam 82. while the lower side is flat. Then, a second strip 83 is drawn from a 
red and bent to have upturned edges. As shown in Figure 17, second strip 83 is then 
bent by rollers around first strip 81 while first strip 81 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Ftgure 20. Casing 15 thus is double-walled and has a flat side 85 that extends 
between parallel tubing strings 27, 29. generally tangent to outer diameter portions of 
35 tubing strings 27, 29. 

The use of two walls for casing 15 reduces the amount of strain that would 
otherwise occur during opening plastic deformation with a single wall casing having 
the same total thickness. Three or more wan casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to resist 
40 external pressure. Known friction enhancing techniques such as surface stamping, 
surface treatment or coating are desirable to offer adequate external pressure 
capability when open. Also the circumference of the external wall can be made slightly 
smaller than the previous one to offer adequate fretting of the wall when casing is 
open. 

Casing 1 5 will be coiled on a reel 87 (Fig. 1 9) while in the configuration shown 
in Figure 20. Reel 87 is a large member capable of holding up to 5000 feet of casing 
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15 which has a 5-1/2 inch external diameter when expanded to a cylindrical 
configurajon. F.gure .8 illustrates corrugations ,7 whichTe forn^ed on ^ 
upper and lower end portions 15c, 15a (Figs IB ID) bv a roiw , 
operation. The upper and .ower end ponions^c. 15aTelnaTn geSySS 
although corrugated. The straight upper and lower end portions 15c, ISa^Ta 
few feet in length and are not wound on reel 87 during transDortationTorfh! 
manufacturing plant to the well site. 8 irans P 0rtatl0n *™ ^ 

fir. M « !T dc P' 0yin8 15 fr o m reel 87, casing intermediate portion 15b will 

fim pass through a set of bending rollers 89 as shown schematic^ b pLure 19 
Folding rollers 89 will form casing 15 from the collansed fu,,^ "V • Iy „ 
Figure 20 ,o the folded collapsed XI^^X^tSS^ 

• Md rfZf** S,rin8S 11 ' 29 Cl ° SCT ^ C3Ch The^TumS 
of casmg intermediate portion 15b in the rounded collapsed configuraUonTrZe 
21. a ess than the inner diameter of cased section 1 1 (Fig. 1A). TheimSmum S 
of casmg intermediate portion 15b while in the collapsed Battened SSSio^ of 
Figure 20 is greater than the inner diameter of cased section 11. AssoltKh th e 
folding rollers 89, a gripping and pushing mechanism 91 is employed? TheZdhL! 
pushmg mechamsm 91 is constructed generally as in a conventional coil tubing pushinl 
mecharusms It grips casing 15 without deformation, pulls it from reel 87 and pushes 

applied by gripping and pushing mechanism 91 while being pushed into the well 

During installation, casing 15 will be uncoiled from reel 87 and pushed by 
mechanism 91 into the well until cement shoe 19 is close to the bottom of open hole 
secuon 13. The length of casing 15 will be previously selected so that the J£ e „ d 
of portion 15c extends into cased section 11 (Fig. IB), overlapping it ^ver a 
substantuu length. Valves 77, 79 are closed and valve 75 (Fig. 22) is opened Zen 
pump 80 pumps a cement slurry 92 (Fig. 9) down the passage 64, 65 through open 
valve 75 and down cement slurry tubing 27. As shown by the arrows in Figure ID 
the cement slurry flows down passages 23, 20 and flows up the annuhis space 
surrounding casing 15. H 

A selected volume of cement will be pumped based on an estimate of the total 
volume of the annulus as if casing 15 had already been opened to the cylindrical 
configuration. Because of the collapsed rounded or horseshoe configuration of casing 
imermediate portion 15b, a much greater annulus volume initially will be present 
around casing intermediate portion 15b, as shown in Figure 9, facilitating circulation 
Consequently, initially, cement 92 will normally not completely fill the annulus to the 
top of casing upper portion 15c. During the pumping of cement, displaced drilling 
fluid or returns, will flow up the corrugations 17 of the casing upper end section 15c 
into the annuhis surrounding running tool 55 flow by ports 60. The returns flow up 
around the forging packers 71 and around the annulus surrounding running string 72 
to the surface. ° 

« L* ^ P u ™P in 8 calculated volume of cement slurry, a selected volume of 
flushmg fluid will be pumped down cement slurry tubing 27. The volume is selected to 
be just the amount needed to push cement slurry from conduit 72, tubing 27 and 
stmger 21 into the open borehole, but substantially no more. The valve 75 is then 
closed and valve 77 is open. Drilling fluid is pumped down conduit 72 which flows 
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through passages 64, 67 and down fill-up tubing 29. The fluid flows out ports 25 into 
pressure chamber 35, shown in Figure ID. p mto 

As shown in Figure 8B. the fluid pushes upward on piston 33 which slides 
upward relative to tub.ng strings 27. 29. Piston head 37 pushes balk nZmtl 

?! 8 ^ PWafd im ° passa8es 45 ' 85 « be «" by comparing D 
wi* Figure 8A. Once in contact with flange SO, the force exited b^Son T«d 37 
begins to push the opening tool 31 upward while tubing string/ 27 29 ^main 

T'7< k"u ?, thC en6asement of bal,s 43 wi,h ■"«■» and caring lowe^S 
portion 15a balls 43 are forced to roll down the inclined flutes 41, pS* ££££ 

After a short distance, all of the balls 43 will be in enitaeemem with ,w . 
body 39. as shown in Figure 8A. Upper end 51 will ZfeTpw^ 
mtermediate portion 15b. Balls 43 will open casing from the cE=d folded 
configuration of figure 9 to the cylindrical configuration of RgureTlSri™ tne 
casing expansion process, the annulus surrounding casing intermediate portion 15b 
decreases, pushing cement slurry 92 upward, and returns will flow up into the ctermel 
spaces bet ween corrugations 17 of casing upper end portion 15c and cased secZTf 
iTJl C€mCnt 92 Wi " flow 0111 ab ™ ™™"8 tool 55 to insure a proper 
ZLZ ^ "J"" th 7 Wi " * U,er ^ As forming to7 3 

moves upward, the volume of pressure chamber 35 increases. This process wfl 
continue for the enttre length of the casing which could exceed several thousand feeT 

oo,n. £ZT^ ^ t0 °I 31 Wi " feaCh ^ UppCr end P ortion l5c - At this 
pom. balls 43 will push outward on valleys 1 7a to round the corrugated configuration 

7 into a cyhndncal configurat.on ,n the same manner as at casing lower end portion 

15a Forming tool 31 wfll eventually contact the lower end of running tool 55 which 

protrudes a short distance into casing upper end portion 15c. shown in Figure IB 

T> ™ „ T 8 55 Wil1 be rdeaMd from threads 57 ^ '«ti"8 running string 
72 go down a short distance, then pulling upward. While lowering, tubing strings 27 
29 will spiral slightly along their lengths to accommodate the^ompression The 
downward movement of inner body 59 relative to outer sleeve 56 causes J-pin 61 to 
move from first leg 63a to second leg 63b When this occurs, an incremental amount 
of rotation of sleeve 56 occurs relative to inner body 59. This rotation, as illustrated in 
Figure 3B, causes threads 57 to disengage from the threads on sleeve 56, releasing 
running tool 55 from casing upper end portion 15c Grooves 58 on outer sleeve 56 
will now be aligned with valleys 1 7a. 

The operator then again drop running string 72 to place forging packers 71 
within casing upper end portion 1 5c as shown in Figure 12. Because of the alignment 
of axial external grooves 58 and external grooves 74 (Figs. 1 A, IB) with corrugations 
17, outer sleeve 56 and packers 71 will pass downward within casing upper end 
portion 15c. Ceraralizer 70 is closely spaced to the inner diameter of cased section 1 1 
and will land on the upper edge of casing upper end portion 15c. Valve 77 is now 
closed and valve 79 open (Fig. 22). Pressurized fluid is supplied with mud pump 80 
through running string 72. This pressure which will be multiplied by a known pressure 
45 multiplier, causes the forging packers 71 to inflate and plastically deform a portion of 
upper end portion 15c out into a tight gripping and sealing engagement with cased 
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installation apparatus. cZX^oZc p^Z ^T^VJ ^ * 
toe-d*. „ g can resume ^ ^ AJso, ^4 lows ^ U 

93 V ^^"T? typ€ inStaUed as a line ' to anoth«eas^ ion 

93. Cased secuon 93 is shown to again be an expandable type installed in thf^m 
manner as described and located within a conductor 95 *iK£St a we,S 

in .ien SSSSt 8 ^^ ^ 
segments 34 and 36 slide downward from an upper retraS pSn (4^o1 
lower expanded position (Fig. 24). then stop against a shoulder 38a liLfi ?i. 
bottom of the conical forming head 38 T^/~ " snoulfler 38 » '°cated at the 
-m, i . . b J0 inc segments 34 composes a main seament 

bom 5 5" 8 rCU, ^ g ^ 38b atUched ° n ^ ~™cal forming headTSn 
both sides of segment 34a, two segments 34b are hinaed Seo m JL £ \ u 

SSolt hCad 38 A SUbili2er 38d » Cached on^e top of thl 

conical forming head 38 to prevent contact between the segments and the ED of me 

?^ gate l^° n f ° r Casier inSta,Iation of the openinglool. Tta fi£?££ 
stab.l.zer 38d bend when the tool is pumped up allowing the segmms to Z£ t 
casing .nternal surface. The dual conical segments 34a, 34b and 36 can bTn^etf 

oSg'ooT 0 ° f ^ **** ~ * l ° **« — 

^ Z" 1 * P ' St0n 33 £«• 23 > is an elastomeric cup sliding seal with straight axiallv 

S2?. 8reWe 10 ^ ^ C ° nU8ated Cnd of the casing 3 

compnse two parts: a metal support washer 33b which is corrugated and bondedto a 

SS^V^S?? ,hC SUPP ° rt 33b ^ fl«tened u^and 

elastomenc parts 33c and 33d deformed to cylindrical external surfaces by thTfluid 



rfiffi*™ J hC i IT enti0n i" 8 ^^fl" 1 " 1 a^tages. As can be seen in Figure 14 the 
difference m the inner diameters of one cased section to the next upward cased sect on 
is no greater than the wall thickness of the lower caseTseTon ST^s 

ri tT , CMing - * f° m a «■* "*» « the top of the well fT a 

Ser^^',^ dCPth ^ Pri ° f W Wdls drilling Jls 

Zi^„? "f '" S CUt,U,8S 10 bc ^P 05 " 1 «* ™* cement to achieve the 

dZl^LT r • !J" mCth0d "ilT 0nC t0 ^ shortcr «" d "-re differed 
diameter slnngs than in the pnor art. The method can be performed without the need 
for a husung mast if drilling is done by turbine driven drill bhon coJeSng 

While the invention has been shown in only one of its forms it should be 

changes wtthout departing from the scope of the invention. For example, rather than 
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coded tubmg running string 72, if a hoisting mast is available conventional hh.i 
may be used. In that event, rather than electrically actuated v^Tc Snt T 
accomplished by balls or darts down the conduit 64 to Svefc doL^n L 
passages. Also, rather than elastomeric packers for exlXle LsinT ^ , 
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Claims 
I 



An apparatus for casing a well, the improvement characterized by the combination of 
a continuous metal casing (15) that is wound onto a reel (87) into a genTrl 
collapsed configuration (Fig. 20); generally 
^ deploying means (Fig. 1 9) for deploying the casing from the reel into the well; 

opening means to open in-situs the continuous metal casing from the collaosed 
configuration into a cylindrical configuration. collapsed 

2. The apparatus according to claim 1. wherein the opening means consist* of „n 

SSS 1 { l V' COmPriSm8 8 Pi5t0n a «»*»> formmThJS T*. S^ve the 
p.ston (3.1) and fomtmg a pressure chamber (35) between a closed end and the^iann 
located m a closed straight end portion of the casing that is geTeraSv cyhndriS S 

(33) to push the opetung tool inside the continuous metal casing (15) cauri„J Z 
corned forming head (38. 39) to radially open the continuous rnetfj caSngTs 
the collapsed configuration into a cylindrical configuratioa 

3. The apparatus according to claim 2. wherein the closed straight end portion of the 
castng (,5) has axially extending corrugations (17) having a maSSm radL 

Surauon 3 ' eX,XeAmS ^ ^ ° f 0,6 MSin ^ ,5 > '"™ndrit! 

4_ The apparatus according to claim 2, wherein there is, at least, one string of tubing 
^ "* ^ t0 °' PiS, ° n ^ ^ means (33a) aZS 

IJJ* *T aCC ° rdin f t0 daim 4 ' whcrein ** 0P««n8 tool (31) is located in a 
S"5 ° f (?5a) ^ P fess " re Camber (SsT^X J 

and the fluid is pumped down the string of tubing (29) into the pressure chamber (35 
acting agarast the p.ston (33) to push the opening tool (3 1) upward. ' 

6. The apparatus according to claim 4, wherein there are means for pumniriE a 
cement slurry down the tubing (27), which flows bade up an annulus sirouZg the 

7 The apparatus according to claim 2. wherein there are means on the opening tool 
(31) for engagtng the collapsed portion of the casing in rolling contact (43) as 
opening tool bends the casing wall into the generally cylindrical Snfiguration 

fin? 6 aPPamUS a f c °" lin 8 t0 *™ 2. wherein there are means on the opening tool 
(31) for increasing the diameter of the conical forming head (38, 39). 

f. ^ ap Pf*" s ^rtW to claim 8, wherein the means to increase the diameter of 
he conical forming head (38) are expander dual cone conical segments (34a, 34b 36> 
located ,n a retracted position and are staggered further up and in contact with' the 
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conical forming head (38). 

( i^T^SJ2Si£ t ' whtrem ex,e ™" ° f — 

1 1 . The apparatus according to claim I . wherein while ih* «.«„„ /• 

(87), « he casing has a generally flattened con„^£ ° f^Ts" ( 2," ? T ' 

deploying means (Tic 19) alsn cnmnrie— k j- 18 ' ^ wher em the 

13. The apparatus according to claim I. wherein there are- 

the JZT* me " nS (5?) attaChi " S ^ t00 ' ,0 thC Upper Cnd ■"»*. * 

casing inT^ ** ^ *° ' ^ «** < 72 > f " the 

the releasable means releasing the running tool (55) from the ,mn W ™a ~r,k 

14. The apparatus according to claim 13. wherein there are- 

at least, one string of tubing (29) located inside the casino and the ooenin B t™i 
piston has sealing means (33a) around the tubing 8 ,he Cpemn S tocl 

tool; ^ SeCUlin8 UPPCr Cnd ° f thC S,rin * of tubin 8 («■ 29) to the running 

means to retain the opening tool on the string of tubing; 

the releasable means releasing the running tool (55) from the unner ™a „r 
caamg for retne^ng the running suing (72), IhopJS^O Sll E£5 
tubmg (27, 29) after the casing has been opened intJcylindrica. conng^ratioS. ^ 

15 The apparatus according to claim I, wherein the well has an upper cased section 
(II), and wherem the apparatus further comprises means (71, X£*3E 

sssr3o,r of ~* (,5c) iw ° — 1 ^ th -~ 

17. The apparatus according to claim 3, wherein the corrugated casino straiaht end 

5S, ^ con,prises at ,east two slwc ^ 81 - 
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1 8. The apparatus according to claim 1 , wherein there are: 
first and second strings of tubing (27, 29) 

a continuous metal casing (15) having an'imermediate portion (15b) formed in 
a generally flattened configuration (Fin. 20) with the fir« .-J • ,on,on V™> formed m 
contained therein and laterSy £3t£t, *" *" Md ^ ,ln "«' of tubi «« 
the casing having a generally cylindrical lower end portion 05aV 
an opening tool (3 1 ) located in the lower end portion which has a oktnn 
and a conical forming head (38, 39); a puton < 33 > 

, ma . a . Cement Sh0e < 19 > at the low « end portion below the piston (33) which can 
be made m commun.cat.on with at least one string of tubing (27) 

oi.tonn^K Cha ? er (35) in the ,owcr OTd Po^on of the casing below the 
piston (33) and above the cement shoe (19) and which k. ™ a 8 

at least one string of tubing (29); *" "* made " "^unieation 

m\ Ja ^"5 %«l (55 ? im ' hed to the upper CTd P 0 * 0 " of the casing, the first 
runnmg tool (55) the running tool (55) being secured to a running strinn (72 for 
fow^ng he runnmg tool (55) and the upper end portion of the caJng (I 5c] 2 the 
cased section of the well (II) and the intermediateportion (I5b) Tdfhe lower i d 
portion of the casing (15a) in the open hole section ofVhe well (13) 

.27) a nH Cem f?i PUmpin8 f ° r pUmpinB Cement down at ■«« one string of tubin* 
(27) anc out the cement shoe to return up the annulus surrounding the casing 8 

(29) intoTh. n UmP,B8 f ° r PUmping a fluid down at ,cast one string of tubing 

a . .Tff 5' re ' CaSing 11,6 nmni " 8 1001 < 55 > from u PP'r end portion of the 
StT»J : } "J ST"^ ^ fUBninS t00 ' (55) • the opening tool (31) and "he fim 
n <mT k (29 i 5101,85 ° f tubin » after 106 intermediate portion of the caS 
(1 5b) has been opened into the cylindrical configuration. 8 

1 9. A method for casing in a wellbore, comprising 

35 a reel * (1 5) «• w " n * l W the casing onto 

lowering the casing from the reel into the well (Fig 1 9) and 
configumfot 8 ^ *** ° 5) fr ° m COUapSed ^ration into a cylindrical 

20. A method according to claim 1 9. further comprising- 
placing at least one string of tubing (27) into the metal tubular casing prior of 

collapsing and winding the metal tubular casing onto a reel (87) 

ni«o„ n5r 8 / n * ^ P0ItiOn ° f the ^8 » OP^ 1 * ^1 (31) which has a 
piaon (33) and a conical forming head (38. 39) and providing a pressure chamber 05) 
between the dosed end portion and the piston (33) ""moer tJDj 

lowering the casing (15) from the reel (87) into the well; and pumping a fluid 
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2 1 . A method according to claim 20, further comprising 

lowering the casing (15) from the r<*l »w ,. 

flattened configuration of the «*££d Md bending thc 

pumping a fluid down the tubing into the pressure chamh«- n<\ >.• u 
against the piston (33) to push the owning tool To!!riS?!l 2?,^ 

and dnft the casmg from the collapsed configuration into a cylindrical SSg^auon 
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FIG. 23 



FIG. 24 
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